The demand for canola oil, which is considered healthy for human nutrition due to its low concentration of saturated (5% to 8%) and moderate concentration of polyunsaturated fatty acids (FA), is increasing in the United States at a tremendous rate. Canola is a genetically altered form of rapeseed with low erucic acid, a 22-carbon chain fatty acid, and low glucosinolate concentration. Canola (CANada-Oil-Low-Acid) is an international registered trademark owned by the Canola Council of Canada. Canola and rapeseed (Brassica napus L. and Brassica rapa L.) are members of the mustard family and are closely related to turnip (Brassica rapa L.), cabbage (Brassica oleracea L., var. capitata), cauliflower (Brassica oleracea L., var. botrytis), broccoli (Brassica oleracea L., var. italica), and mustard (Brassica juncea L.). Even though canola evaluations in Virginia have been ongoing since 1985, a concerted effort has been under way at two land grant universities in Virginia since 1993, with support from the National Canola Research Program of the U.S. Dept. of Agriculture (USDA). This effort has resulted in the development/identification of suitable cultivars and a production system and has demonstrated the feasibility of growing canola in Virginia and other states of the midAtlantic region of the United States (Starner et al., 1996 (Starner et al., , 1999 (Starner et al., , 2002 .
Canola production in the United States has increased dramatically over the last decade, increasing from 62,727 ha in 1991 to 608,249 ha in 2000 (Raymer, 2002) . Even with this production, consumption of canola oil in the United States still outpaces production at the rate of nearly 3 to 1 (Rife, 2001) . Most of the United States demand for canola oil is met with imports from Canada. During 1998, the United States imported 419,000 t of canola oil from Canada, with a 7-year average of 355,000 t (www.canola-council.org/stats/ oilmealexport.html). The demand for canola oil in the United States has grown from virtually zero in 1985, when domestic markets for canola oil were first created in the United States, to almost 1 million tonnes in 2001 (Raymer, 2002) . The efforts to increase domestic canola production in the southeastern United States are hindered by lack of processing facilities. Development of alternative uses of canola, such as on-farm use and/or development of locally marketable products, could help alleviate this problem by establishing the crop and indirectly helping to increase the availability of this crop as an oilseed.
The objective of this study was to ascertain the possibility of using preflowering canola foliage similar to mustard or turnip greens. Specifically, we wanted to characterize the chemical composition of preflowering canola foliage, compare the nutritional quality of preflowering canola foliage to other leafy greens, and assess the potential of preflowering canola foliage as a food and feed source.
Materials and Methods
Four canola cultivars ('Dixie , 'Falcon , and 'Jetton ) (St. John and Bell, 1989) . The FA methyl esters (FAME) of the lipid were prepared (Dahmer et al., 1989) and analyzed in a Varian model Vista 6000 gas chromatograph equipped with a fused silica capillary column (SupelcoWax 10 capillary column 25 m × 0.25 mm i.d. and 0.25-µm film thickness, Supelco, Bellefonte, Pa.), a flame ionization detector (Varian, Sugar Land, Texas), and a Spectra Physics Model 4290 integrator. Carrier gas was He at a column flow rate 0.8 mL·min -1 with a split ratio of 1: 80. Oven, injector, and detector temperatures were maintained at 210, 240, and 260 °C, respectively. Peaks were identified by comparison to retention of FAME standards and quantified by the aid of a 17:0 FAME as an internal standard.
Data were analyzed by procedures in version 6.11 of SAS (SAS, 1996) . Least significant difference procedure with a significance level of 5% was used for mean separation. The nutritional data from preflowering canola foliage were compared to the values for mustard and turnip greens that are available in the literature (USDA, 2001).
Results and Discussion
The effects of years on traits of canola foliage were, generally, significant (Table 1) . The effects of cultivars were, generally, nonsignificant for traits of canola foliage except for concentrations of Al, Cu, Fe, Mg, and Na. More importantly, all interactions between year and cultivars were nonsignificant except those for concentrations of Al and Fe (Table  1) . On an average, canola foliage yield was 10.7 t·ha -1 fresh with 89.1% moisture and 1.1 t·ha -1 dry ( Motes et al. (2002) as 500-1000 bushels per acre] in Oklahoma (Motes et al., 2002) . The canola foliage, on average, contained 3.4% oil and 30.6% protein on a dry weight basis ( Table 2) .
The greens of four cultivars differed only for the concentrations of Mg, Ca, Na, Al, and Fe (Table 2) . 'Jetton had the highest concentrations of Mg and Ca (0.40 and 1.95 g·100 g -1 dry weight, respectively), whereas the other three cultivars had similar concentrations of these minerals. 'HN120-91 had significantly higher concentration of Na (0.24 g·100 g -1 dry weight) as compared to the other three cultivars. The highest Al and Fe concentrations (per 100 g dry weight) of 44 and 39 mg, respectively, were observed for 'Falcon , whereas the lowest concentrations of 18 and 23 mg, respectively, were observed for 'HN120-91 . The Fe concentrations in 'Dixie , 'Jetton , and 'HN120-91 were similar. The Al concentrations of 'Falcon and 'Jetton (39 mg), and those in 'Dixie (27 mg) and 'HN120-91 were similar. Even though significant differences existed between years for 17 out of 29 traits under study, the cultivar × year interactions were significant only for Fe and Al concentrations.
In order to determine suitability of using canola greens as food, we compared the composition of canola greens to those of mustard and turnip greens using the data from the USDA Nutrient Database (USDA, 2001). Canola greens were more nutritious than either mustard or turnip greens based on numerical superiority of oil and protein concentrations. The protein concentration of canola greens (30.65%, dry weight basis) was 4% and 82% higher than that of mustard and turnip greens, respectively. For oil concentration, the canola greens were 57% and 1% greater than mustard and turnip greens, respectively (Table 3) .
The P, K, Zn, Mn, and Fe concentrations of canola foliage were considerably higher than those in either mustard or turnip greens. On the other hand, the concentrations of Na and Cu in canola foliage were lower than those in either mustard or turnip. The Mg concentrations in canola, mustard, and turnip greens were similar. The Ca concentration of canola greens was intermediate between mustard and turnip greens. The USDA Nutrient Database (USDA, 2001) did not contain any information about S, B, and Al concentrations of either mustard or turnip greens. The concentrations of these minerals are included in Table 3 for future reference. Based on lower Na concentration, a case could be made that canola greens could be healthier for consumption by those persons who suffer from hypertension and are interested in lowering their Na intake. With regards to higher Fe concentration, canola greens could be helpful in alleviating worldwide Fe deficiency in human diets. The saturated FA concentration of canola greens was higher than that in mustard greens but lower than that in turnip greens (Table 3) , whereas the concentration of unsaturated FA in canola greens was higher than that in turnip but lower than that in mustard greens. The concentrations of total polyunsaturated (66%), 14:0 (2%), 18:2 (14%), and 18:3 (44%) FA in canola greens were considerably higher as compared to those in mustard or turnip greens. Based on the concentrations of 16:0, 18:0, 18: 1, 22:1, saturated, and monounsaturated FA, the canola greens were intermediate between mustard and turnip greens.
These results indicate that preflowering foliage of canola has potential as food and feed. Use of canola to provide greens for human consumption has the potential to provide an alternate crop for production to small and mid-sized farmers in general and to winter wheat farmers, in particular, in the mid-Atlantic region. Similar to Virginia, where 99% of the 50,000 farms are classified as small or mid-sized with average income of $48,000 (Virginia Agricultural Statistics, 2000) , most farms in the mid-Atlantic region are classified as small or mid-sized. In this region, wheat is a common winter crop. During 1999, winter wheat was harvested in Delaware, Maryland, Pennsylvania, and Virginia from 283,400 ha with an approximate production of 1.1 million tonnes [National Agricultural Statistics Service (NASS), 2001]. In this region, the returns from winter wheat have declined from $146.8 to $73.4 per tonne from 1995 to 1999 (NASS, 2001) , causing a severe decline in income and profitability of wheat producers. Diversification of the production system with a suitable crop, such as canola, for production of greens could help farmers in this region. On the other hand, it could be expected that canola would get established as an oilseed crop, thus giving a further boost to the farm economy in this region.
